that the FPD be replaced by the TCD since the time corresponding to active breakthrough rather than minimum prebreakthrough concentration was of primary interest. The TCD then had to be recalibrated after the numerous system changes made while making the FPD operational. By the end of the quarter, nineteen complete cycles had been completed with little or no evidence of sorbent deactivation. PrebreakthroughH,S concentrations below the TCD detection limit of about 100 ppmv were achieved in all cycles. The time, toq5, required for the H2S concentration in the product gas to reach 0.5% (50% ofthe inlet concentration) varied only between 97 and 106 minutes in the 19 cycles. Significantly, for the 19* cycle was 103 minutes, among the largest of all cycles. SO, breakthrough during regeneration showed similar good reproducibility. b5 for regeneration only varied between 20.6 and 22.9 minutes. The concentration of elemental sufir (considered as SJ in the product gas exceeded 10% for more than 15 minutes in each cycle. By the end of December, the sorbent had been exposed continuously to temperatures ranging from 600°C to 800°C for more than one month in gas compositions ranging fiom 100% H, to air, and from 1% H,S/lO% HJN, to 12% SOD,. Between regeneration and sulfidation, the system was purged by nitrogen. The sorbent was at the highest temperature of 800°C for about 90% ofthat time. These sorbent durability results are considered to be quite favorable.
FLAME PHOTOMETRIC DETECTOR (FPD) OPERATION AND CALBRATION
At the end of the previous quarter, even after months of adjustments and consultations with S h i m a h personnel, the FPD was still not providing the necessary H,S sensitivity. Excessive tailing at the 5 ppmv concentration level was the primary problem. This problem was eventually solved by replacing all possible stainless steel parts with teflon. Specifically, the stainless steel column used to trap trace quantities of H,O was replaced with a teflon column and the thermal conductivity detector (TCD) was removed, thereby permitting column effluent to flow directly into the FPD. Satisfactory analysis of 5 ppmv H2S was then possible as shown in Figure 1 by the sharp peak having a retention time of 2.5 minutes. Analytical reproducibility was also satisfactory as shown in Figure 2 . The variation in area counts for the ten duplicate samples was fiom 151 to 166.
After achieving satisfactory results at the 5 ppmv level, the FPD was calibrated over the range 
PREBREXKTHROUGH H2S CONCENTRATIONS
At this point H,S concentrations composition during we planned to begin an extensive study to determine minimum prebreakthrough which could be achieved as a hnction of temperature, pressure, and gas both the reduction and sulfidation phases. Unfortunately, after only two runs, the quartz insert used to minimize contact between product gases and the stainless steel pressure vessel broke. Most likely the reactor was cooled too rapidly after the second run, and differences in thermal expansion coeflicients caused the breakage.
However, results fiom the two tests were quite favorable. In the first test, Ce201s01, a standard mixture of 6g of Rhone Poulenc CeO, and 3g of N20, was added to the reactor. The sorbent was reduced in 400 sccm of 10% HJN2 at 800°C and 5 atm for 12 hours. 1% H2S was then added and effluent H2S concentrations as a function of time are shown in Figure 5 . In the first four samples (4.5 to 18 minutes), the H2S concentration was approximately 15 ppmv. The concentration then dropped to about 5 ppmv in the next two samples before increasing to a value beyond the FPD calibration range in the eighth sample at 3 1.5 minutes. The results were encouraging in that the sub-20 ppmv target level was reached during early stages of the test, but discouraging in that the sub20 ppmv level was not maintained for a longer time. FPD breakthrough occurred at the relatively small dimensionless time oft* -0.25 while TCD breakthrough of about 2000 ppmv occurred in previous tests at t* -1.0.
Additional changes were made in the reactor system prior to the second run to determine if still lower prebreakthrough H2S concentrations could be achieved. Specifically, the back pressure regulator, filter, and ball valve were removed from the product line. This left a single fitting and the chromatograph sampling value as the only steel parts in contact with the product gas. Without the back pressure regulator, reactor pressure was limited to 1 atm. Consequently, the reactor feed rate was reduced to 100 sccm from 400 sccm so that the reactor residence time was reasonably constant. Other than pressure and gas flow the conditions of the two runs were the same. Results fiom run Ce202s0 1 in the form of product H2S concentration as a h e t i o n of time are shown in Figure 6 . The H2S concentration remained below 10 ppmv for almost 100 minutes. Active breakthroughthen began and the run was terminated after 125 minutes when the H2S concentration exceeded the FPD calibration range. The reduced prebreakthrough concentration is attributed to the removal of the back pressure regulator, filter, and ball valve fiom the system. These parts had been exposed to numerous previous sulfidation and regeneration cycles and may have become contaminated with sulfur. The beginning of active breakthrough was reasonably consistent in both runs. That is, the breakthrough time of 100 minutes at 100 sccm is comparable to the 25 minute breakthrough time at 400 sccm. . . .
-.
-. Since an extended time period would be required before a replacement quartz liner could be obtained, we decided to address the question of sorbent durability in an extended multicycle run. The FPD was replaced by the TCD since the overall shape of the breakthrough curve instead of minimum prebreakthrough concentration was of primary interest. However, because of the numerous changes made while installing and using the FPD, recalibration of the TCD was required.
I-:= Recalibration results for H2S over the concentration range of 0 to 1.3% are shown in Figure  7 while similar results for SO, between 0 and 19% are presented in Figure 8 . As expected, both calibration curves were linear through the origin. The relationship between % H2S and chromatograph peak area shown in Figure Nineteen sulfidation-regeneration cycles were completed by the end of the quarter. Each cycle consisted of four phases at the following conditions:
1.
A standard sorbent mixture of 6g Rhone Poulenc CeO, and 3g M2O3 was reduced at 800°C and 5 atm. In cycles 1 through 15 the reduction gas contained 10% H, in N2 at a flow rate of 400 sccrn. In cycles 16 through 19 reduction was carried out in 100% H, at a flow rate of 50 sccm. Reduction in pure H, had a positive effect on sulfidation perfonnance. The reduction phase was generally carried out overnight.
2.
Sulfidation at 800°C and 5 atm in 1% H,S/lO% H a 2 at a rate of 400 sccm. Each sulfidation cycle was continued until the concentration of H,S in the product gas reached 1%, typically 2 hours.
3.
Regeneration at 600°C and 1 atm in 12% SO.& at a rate of 200 sccm. Regeneration was continued until the concentration of SO, reached 12%, typically about 30 minutes.
4.
Reactor cleaning at 800°C and 5 atm using air at 50 sccm. The purpose of the oxidative cleaning phase was to remove, to the extent possible, any elemental su&r deposited during regeneration. As a fUrther means of preventing contamination, different reactor exit lines were used during the sulfidation and regeneration phases. During s&?dation, the product gases flowed through teflon-lined tubing and a 7p stainless steel filter to the back pressure regulator and then through teflon tubing to the chromatograph sample valve (stainless steel). Stainless steel in contact with the sulfidation product gas consisted of three fittings, one filter, the back pressure regulator, and the chromatograph sampling valve. During regeneration, product gases flowed through heat-traced 
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Rep A r e a 1 R e p A r e a 2 R e p A r e a 3 Rep A r e a 4 Rep Area 5 S t d~e stainless steel Iines to the condenser and then through a series of stainless steel filters and stainIess steel tubing to the sampling valve. The back pressure regulator was not used during the atmospheric pressure regeneration tests and the only stainless steel parts exposed to both sulfidation and regeneration product gases were one fitting and the chromatograph sampling valve. '
Complete &S breakthrough curves for the 19 didation cycles are shown in Figure 9 . With a single exception, the concentration-time curves are quite similar and show no evidence of sorbent deterioration. The delayed breakthrough time observed in Ce202s16 is attributed to reduced &S feed rate caused by a mfinction in the mass flow controller.
The time, tom5, required for the product H,S concentration to reach 0.5% (one-half of the feed concentration) provides a good measure of sorbent disability.
values for each cycle (excluding s16) are shown in Figure 10 . The total variation in to.5 was only between 97 and 106 minutes with an average of 101 minutes. This level of variation is felt to be within the normal experimental error. Figure 1 1 shows the H,S breakthrough curves from the 19 sulfidation cycles using expanded concentration and time scales, thereby providing a clearer view of the prebreakthrough portion of the cycle. During the initial period of all cycles the &S concentration was below the TCD detection limit of about 100 ppmv. The first detectable H2S in the product occurred in the 20 to 50 minute time span in cycles so1 through s15 (with the exception of cycle sll) and at about 90 minutes in cycles s16 through s19. The time increase beginning in s16 is associated w i t h changing the composition of the reducing gas from 10% HJN, to 100% H, . We believe that the stronger reducing gas increased the extent of reduction of CeO,. That is, the final value of x in CeO, was smaller in the stronger reducing atmosphere, and this led to improved H$ removal. Initial appearance of H2S after 80 minutes in cycle sl 1 is the exception since the reducing composition in that cycle should have been 10% Hfl,. However, there is reason to suspect that the H, content of the reducing gas was, by mistake, larger than the intended 10%. Overall, it appears fiom Figure 1 1 that the prebreakthrough performance was poorest in cycle 01, that cycles 02 through 15 (excluding cycle 11) formed an intermediate group with random variation within the group, and that the best performance was achieved in cycles 16 through 19.
Complete regeneration breakthrough curves for the 19 cycles shown inFigure 12 aIso indicate good reproducibility. Active breakthrough began at about 18 minutes and regeneration was effectively complete less than 10 minutes later. The rapid decrease in SO, Concentration near the end of regeneration cycles 1-06 and rl0 was caused by elemental s u b plugging the product lines, thereby terminating the flow of feed gas. However, the characteristics of the SO, breakthrough curves were fully established by that time. Plugging in regeneration cycle r08 prevented any SO, breakthrough data from being acquired; complete regeneration was achieved, however, as indicated by the H2S breakthrough curve in the subsequent sulfidation cycle (sO9).
The time, required for the SO, concentration in the product gas to reach 6% (50% of the feed concentration) is shown as a function of cycle number in Figure 13 . The overall variation was only between 21 and 23 minutes and the 18-cycle average was 22 minutes. 
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